Summary &mdash; Field caught bumble bee (Bombus Latreille and Psithyrus Lepeletier) workers, males and queens were examined for the presence of 4 parasites. High prevalence of parasitization by conopid flies (20.2%) and the trypanosome Crithidia bombi (35.7%), moderate to low prevalence by the microsporidian Nosema bombi (9.0%) and the mite Bombacarus buchneri (3.6%) were found. Infestations by the 4 parasites were independent of one another but significant differences were found for bumble bee species and sex. Workers parasitized by C bombi were significantly less likely to forage for pollen and had developed ovaries in significantly more cases than did uninfested workers. Spring queens of B terrestris and B lucorum had lower prevalence of infestation by C bombi than was found in workers the previous summer.
INTRODUCTION
Bumble bees (Bombus Latreille and Psithyrus Lepeletier), economically and ecologically important pollinators of many temperate plant species (Heinrich, 1979) , harbour a number of parasites and parasitoids (Alford, 1975) . Field collections in northwestern Switzerland reveal high prevalence of conopid fly eggs and larvae (Diptera, Conopidae) Schmid-Hempel, 1988, 1989; SchmidHempel et al, 1990 ). Nest-seeking spring queens often contain Sphaerularia bombi (Nematoda, Tylenchoidea, Allantonematidae) and occasionally Syntretus splendidus (Hymenoptera, Braconidae) infestations . Other bumble bee parasites include the tracheal mite, Bombacarus buchneri (Acarina, Podapolipodidae) (Stammer, 1951) , and the protozoans Nosema bombi (Microsporidia, Nosematidae) (Showers et al, 1967; de Jonghe, 1986; Fisher and Pomeroy, 1989) and Crithidia bombi (Trypanosomatidae, Zoomastigophorea) (Lipa and Triggiani, 1980; Gorbunov, 1987) .
Parasites can have negative effects on the individual and the colony. Bumble bees infested with conopids have shorter lifespans than uninfested ones (SchmidHempel and Schmid-Hempel, 1988) , re- suiting in lower return per unit investment for the colony and reduced worker populations. Parasitized workers prefer different flowers than do unparasitized workers, which may alter their effectiveness as pollinators and competitors (Schmid-Hempel and . Queens infested with the braconid S splendidus or the nematode S bombi fail to found nests.
Little is known about the effects of protozoa on bumble bees. In honey bees, N apis causes higher winter losses (Jeffree and Allen, 1956 ) and reduced honey yields in infested colonies, infested queens are more often superseded (Farrar, 1947) , and infested workers show reduced hoarding behaviour (Rinderer and Elliott, 1977) . Bumble bees cross-infected with N apis show reduced activity (Showers et al, 1967) , though Fisher and Pomeroy (1989) found no effect of N bombi on either colony performance or queen success. Crithidia spp are pathogens of other insects (Clark et al, 1964) , but little is known about their effects on bees (Fyg, 1954; Langridge and Mcghee, 1967 (Zar, 1984; SAS Institute, 1985 (Alford, 1975 Evidence for pathogenic effects of Crithidia bombi is scanty. We found fewer infested workers than uninfested workers bearing pollen, and more infested workers than uninfested workers with developed ovaries. Ovarian development is a function of age (Röseler, 1987) and dominance rank (van Doorn, 1989) in bumble bees.
Observations on C bombi infested nests of B terrestris have shown that older workers are more likely to be infested (Shykoff and Schmid-Hempel, 1991b (Heinrich, 1979) , therefore the relationship between developed ovaries and infestation with C bombi may result from a correlation of both of these factors with age. Age related patterns of infestation cannot explain the difference in pollen foraging, however, because division of labour in bumble bees does not appear to be age determined.
Bumble bees can be effective pollinators without pollen foraging, but since workers infested with C bombi tended not to gather pollen, they may frequent different plant species or visit flowers differently (Galen and Plowright, 1985) (Alford, 1975) and feed heavily on honey and pollen stores to build up fat bodies (Cumber, 1949b) . After mating they often return to the parental nest (Cumber, 1953) 
